Background: Tamoxifen can reduce the risk of developing invasive estrogen receptor-positive breast cancer by 49%, but it is unknown how many women in the United States are taking tamoxifen for primary prevention of breast cancer.
Introduction
In 1998, the Breast Cancer Prevention Trial, a large prospective randomized control trial, showed that tamoxifen can reduce the risk of invasive estrogen receptor-positive breast cancer in high-risk women by 49% (1) . Tamoxifen also seemed to protect against hip fractures, but it increased the risk of endometrial cancer, stroke, pulmonary embolism, and deep-vein thrombosis. These findings were consistent with the results of other chemoprevention trials (2) . In 1999, the U.S. Food and Drug Administration approved tamoxifen for primary prevention of breast cancer.
Despite adverse effects, using tamoxifen for primary prevention of breast cancer may be appropriate and beneficial for some high-risk women (3) . Data from the year 2000 National Health Interview Survey (NHIS) suggest that although 10 million U.S. women ages 35 to 79 years would be eligible for tamoxifen chemoprevention based on their risk factors, for 2.4 million of these women, the benefits of taking tamoxifen would outweigh the risks (4).
It has been over 10 years since the first results from Breast Cancer Prevention Trial were published and tamoxifen was approved by the Food and Drug Administration for breast cancer chemoprevention. It is reasonable to conclude that in the intervening years, as physicians and patients have become more aware of the availability of using tamoxifen to reduce the risk of breast cancer in high-risk women, the use of this drug would increase for this indication. In the present study, we report the prevalence of tamoxifen use for breast cancer chemoprevention among a nationally representative sample of U.S. women in the years 2000 and 2005. We then draw upon the existing clinical and psychological literatures to explore the possible explanations for our findings.
Materials and Methods
We used NHIS data from 2000 and 2005 to estimate the number of women taking tamoxifen for primary chemoprevention of breast cancer. Tamoxifen use was attributed to breast chemoprevention if the participant indicated that she had never been diagnosed with breast cancer. Details describing the survey design and sampling frames have been described previously (5) .
Prevalence estimates, including totals and percentages, were weighted by the NHIS sample weights to the total U.S. population. The denominator included all women in the United States aged 40 to 79 years who did not have a history of breast cancer. Standard Errors (SEs) used in computing the 95% confidence intervals (CI) were estimated to take into account the complex multistage probability sampling design of the NHIS (6). We calculated CIs for small percentages using a modified binomial CI (7) . All calculations were done using SAS version 9.1.3 for Linux and SUDAAN version 10.0.1 software (8, 9) .
Results
The prevalence of tamoxifen use in 2000 and 2005 was very low (see Table 1 had Gail scores indicative of being eligible for tamoxifen chemoprevention (i.e., estimated probability of being diagnosed with breast cancer in the next 5 years at or above 1.67%). Conversely, 20 (in 2000) and 4 (in 2005) had Gail scores that were below the criterion for tamoxifen eligibility. However, our analysis of the Gail model did not include information about atypical hyperplasia because NHIS 2000 and 2005 did not ask women to report whether they had ever received such a diagnosis. Therefore, the analysis may have underestimated women's breast cancer risk. Neither does the analysis account for having a history of breast cancer on the paternal side of the family or by cancer among second-degree relatives, such as a grandmother or aunts. This makes it difficult to determine whether the low Gail scores among some women who were taking tamoxifen for chemoprevention were indicative of actual low risk or whether the score did not represent their actual risk because they had risk factors that were not accounted for by the model.
Discussion
This study found that the prevalence of tamoxifen use by U.S. women for chemoprevention was exceptionally low. In the year after tamoxifen was approved for chemoprevention of breast cancer, less than one quarter of 1% of women aged 40 to 79 years without a history of breast cancer were taking it, and this number decreased slightly (but not significantly) over time. These results, in conjunction with other research findings (4), suggest that very few women who would be eligible to take tamoxifen for chemoprevention are doing so.
One possible explanation for the low uptake in tamoxifen is a reluctance of physicians to prescribe it. Family physicians in one study advised patients against using tamoxifen in 77% of cases (10), even though the women were at high risk and had been evaluated for a breast lump. Another study found that surgeons were much less willing than oncologists to prescribe the drug (11) . This discrepancy was attributed to differential focus on treatment outcomes. For example, oncologists were more concerned about recurrence of breast cancer, but surgeons were more concerned about the increased risk of cataracts. Physician education about breast cancer risk reduction techniques might also be associated with their willingness to prescribe tamoxifen. One study found that physicians who felt insufficiently informed about risk reduction options and/or in risk reduction counseling were less than half as likely to prescribe tamoxifen or raloxifene than physicians who felt that they were sufficiently informed and trained (12) . Future research might investigate the effects of physician education on cancer prevention counseling, including chemopreventive agents such as tamoxifen.
Low uptake of tamoxifen might also be attributable to a reluctance of patients to take it. When women at high risk of breast cancer are offered tamoxifen, few accept treatment. For example, in one small study, only 2 of 43 eligible women began tamoxifen therapy (13) . In another study, only 1 of the 89 high-risk women who were offered tamoxifen accepted it, although all 89 had undergone recent biopsies for breast lumps (10) . In two chemoprevention trials that included tamoxifen as a treatment arm, the proportion of eligible women who agreed to participate was <25% (1, 25) , possibly due to concern about the side effects.
Patients' reluctance to take tamoxifen might originate from various sources. One possibility is that taking hormone replacement therapy (HRT) is contraindicated with tamoxifen use. Women who take HRT to alleviate debilitating hot flashes may not be willing to discontinue HRT to reduce their risk of breast cancer, and physicians may or may not agree with these decisions. This possible conflict makes HRT an important aspect *Weighted estimate from a sample of 27 women who report using tamoxifen of a total sample size of 10,601. † Weighted estimate from a sample of 8 women who report using tamoxifen of a total sample size of 10,690.
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Cancer Epidemiology, Biomarkers & Preventionof the clinical decision process for both doctors and patients. A second possibility is that the patient's health coverage might not cover the cost of tamoxifen for primary chemoprevention. Another explanation could be that some patients believe that the benefits of taking tamoxifen do not outweigh the risks. Making medical decisions is extraordinarily complex because medical treatments often have multiple benefits and multiple side effects that vary in severity. Calculating how these benefits and risks combine to affect overall health is very difficult. However, many people do not understand how to combine probabilistic risk and benefit information even when a treatment has only one benefit and only one risk (14) . These individuals would likely experience great difficulty evaluating the overall effects of chemopreventive therapy. Nevertheless, a lack of comprehension or education is not sufficient to explain the reluctance to accept chemopreventive therapy (14) (15) (16) . Instead, merely suggesting that a treatment has a side effect or a surgical complication can be highly aversive (17, 18) . Qualitative studies suggest that some women might perceive the risks of side effects as more probable and as more dangerous than the risks of breast cancer (19, 20) . Informing women how their risk of breast cancer compares to the risk of other women (14, 21) , displaying the risk information as arrays of icons or tables (14, 16, 22, 23) , or highlighting the number of people saved by treatment (24) may address this problem. However, for some women, side effects that affect quality of life (e.g., hot flashes, sexual functioning) hold more importance than their risk of breast cancer (20) . Consequently, communicating the risks and benefits of treatment should be done carefully to avoid undermining patient autonomy.
It might be argued that low acceptance of tamoxifen is due to concerns about the increased risk of endometrial cancer. If this is the case, chemopreventive agents such as raloxifene, which has a more favorable side effect profile than tamoxifen (25) , should be more acceptable to patients and physicians. Approximately 530,000 women were taking raloxifene in 2005 (data not shown), but it is unknown how many of these women were using it for chemoprevention and how many were using it to treat osteoporosis. The Food and Drug Administration approved raloxifene for breast cancer chemoprevention in 2007. However, to the best of our knowledge, no studies have examined how women perceive its risks and benefits. We would speculate that many women would be reassured by the reduced risk of endometrial cancer associated with raloxifene compared with tamoxifen (25) . Nevertheless, we also hypothesize that concerns about side effects that raloxifene shares with tamoxifen-such as hot flashes, sexual dysfunction, and pulmonary embolism -would still lead some women to decline treatment (15) . Qualitative and quantitative research should examine whether and how women's beliefs about raloxifene differ from their beliefs about tamoxifen, as well as how physicians perceive using tamoxifen and raloxifene for primary prevention. Additional strategies for communicating the risks and benefits of chemopreventive treatments should be developed, but these strategies should not impinge on patients' autonomy or their ability to make an informed decision (e.g., by presenting data using risk communication formats that are not easily understood).
These analyses are limited by two main factors. First, the number of women taking tamoxifen for chemoprevention was extremely low-27 in the year 2000 and 8 in the year 2005. These small numbers led to large SEs and wide CIs in the prevalence estimates. Nevertheless, it is reasonable to conclude that prevalence of tamoxifen use for chemoprevention in the United States is well below 1%. The second limitation is that the data are self-reported. Women might be reluctant to report their medication use, might be unaware of the purpose of taking tamoxifen, or might be unaware of the name of the medication. They may also simply forget they are taking it. All of these factors would result in an underestimation of the prevalence of tamoxifen use. However, even if the actual prevalence is double that of the estimates presented in this brief report, the overall prevalence in the United States would not exceed 1%. More minor limitations include the absence of BRCA1/BRCA2 risk status questions in the NHIS and the inability to examine prevalence stratified by risk status due to extremely small cell sizes.
We found that the prevalence of tamoxifen use in U.S. women was low in 2000 and in 2005. These data, combined with previous research that estimated the number of women who might benefit from chemopreventive therapy for breast cancer (4) , suggest that few women are taking the drug. Breast cancer chemoprevention is not appropriate for all eligible high-risk women, despite the availability of statistical models to calculate the likelihood of benefiting from tamoxifen. For each individual woman, the benefits of chemoprevention breast cancer treatment must be weighed carefully against its risks and decision making should incorporate the many medical, psychosocial, and personal factors that are unique to that woman (3, 15) .
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